Supplementary material
S1. Data processing with a bespoke automated R package 5 10 Figure S1 . Data architecture of the bespoke software for the transparent and reproducible management and postprocessing of data transmitted from the PAM network. Data is held in a relational database management system (RDBMS) in PostgreSQL to provide complex query capabilities and to create relationships between different components of the data itself. Data querying and post-processing is performed in R software and was selected as an established, open-source system where several independent but interoperable packages were used to address a wide range of statistical analysis and visualisation techniques. The user is required to input the metadata (grey) in the relational database containing information on deployment periods, reference instrumentation, hardware settings, maintenance schedule etc. The code can be executed with automated scheduled tasks (green) to output ratified databases (red). Level 0 produces time-series graphs and maps to facilitate fast visual inspection of the data and sends reports by email to improve efficiency of the maintenance of the PAM network. Levels 1 and 2 focus on the conversion of raw measurements to physical units and the quality assurance/ quality control of the personal exposure measurements. Dashed lines indicate work that will be presented in upcoming publications: 1) the creation of automated algorithms to classify time-activity-location profiles of individuals to estimate activity-weighted exposure; and, 2) the disaggregation of outdoor and indoor sources to overall personal exposure using information extracted from the wireless sensor network.
S2. Sensor reproducibility
To evaluate the reproducibility of the sensors, the coefficient of determination between the raw PM measurements and working electrode readings of all EC sensor pairs during the four co-locations in the UK and China in both seasons are presented in Table T1 . All EC sensors show excellent correlations across the network with mean R 2 > 0.80 with the exception of the NO2 sensors during the non-heating season in China, possibly affected by the high temperatures that the sensors were exposed to (see subsection). The coefficient of determination between the OPC-N2 sensors was high across seasons and settings (R 2 > 0.91); however, the gradient was lowest in the UK co-location during the heating season. of the linear models with the reference instruments is presented in Table 3 . 
Heating season Non-heating season
China (Dec-Jan) UK (Oct-Nov) China (June) UK (April) Internal PAM temperature (C)
S6 Effects of fast environmental changes on EC sensor performance
To investigate the effect of fast environmental changes on sensor performance, a controlled experiment was set up at a residential house in an urban background area in Cambridge. One PAM was deployed outdoor and a second PAM was deployed indoors. A third PAM was moved rapidly between an indoor and an outdoor location while a detailed time record ("diary") of the transition movements was kept ( Figure S7, top) . Commonly encountered residential indoor emission sources such as cooking (e.g. 11:30) and cigarette smoking (e.g. 17:30, PM measurements) were then introduced. The temperature difference between the indoor and the outdoor microenvironment was about 15℃ (from 25℃ indoors to 10℃ outdoors) resulting in an RH difference of about 20% (30% indoors vs 50% outdoors). While the temperature sensor inside the PAM showed a relatively slow response when moved between indoors and outdoors, a rapid response of the RH sensor was evident ( Figure S7 , derivative of RH). The environmental changes were identified based on the time-derivative of the RH and were clearly distinguished from emission events (cooking, smoking). PM measurements were not affected by the rapid temperature changes; however, short-term transient changes were noticed in the measurements of the EC sensors. Figure S8 demonstrates that the recovery time of the NO, NO₂ and O₃ sensors was shorter (< 5 min)
than that of the CO sensor (15 min). 
